ABSTRACT BACKGROUND: Hemodynamic stability (HS) based on vital sign (VS) is thought to be the most useful criteria for successful nonoperative management (NOM) of blunt spleen injury (BSI). However, a consistent definition of HS has not been established. We wanted to evaluate the definition of HS through conducting a nationwide survey and find the factors affectting diversity.
that cautious selection of the patient is fundamental for the success of NOM in BSI. Many selection criteria have been suggested and evaluated for this purpose and examples are vital sign, FAST, CT scan, injury scale or laboratory tests. [5] [6] [7] Hemodynamic stability (HS) based on vital sign is being used most frequently. However, a consistent definition of "hemodynamic stability" is lacking. There is a possibility that trauma doctors are using a different definition, numerical value, and an obtaining method to define HS. We wanted to evaluate the diversity of the definition of HS through conducting a nationwide survey and provide the suggestion to unify the diversity of the definition of HS.
MATERIALS AND METHODS

Questionnaire and Survey
A nationwide survey was performed between October 2012 and November 2012. The questionnaire was composed of 3 sections; 6 questions about biography, career, and circumstances of working environment, 11 questions about the definition of HS based on the simulated trauma case, and 7 questions about personal opinions regarding the definition of HS ( Table 1 ). The questionnaire was sent to the attending
INTRODUCTION
Trauma is still a major cause of death in young people under the age of 50. Blunt abdominal injury is common in trauma patients. Spleen is the most frequently injured organ in blunt abdominal trauma and hemorrhagic shock is the main cause of death. When hemoperitoneum caused by spleen injury is detected, exploratory laparotomy is usually performed. [1] However, with the increased use of computerized tomography (CT) scanning and focused assessment with sonography for trauma (FAST), nonoperative management (NOM) of blunt spleen injury (BSI) has been introduced, and is being actively used in many countries. [2] [3] [4] Most trauma doctors agree 
Statistical Analysis
Data were compared using analysis of variance (ANOVA) or t-test for continuous variables and χ 2 test for categorical variables. Logistic regression was carried out to evaluate the variables which influence trauma doctors to make a diversity of HS.
RESULTS
Section 1 of the Questionnaire
Among five hundred and sixty-three doctors, 507 responded (90%). Forty eight responses were incomplete, and hence, 459 responses were analyzed (81.5%). The average age of the respondents was 46. Of the respondents, four hundred and fourteen (90.2%) were male. They had been working for eighteen years on average. They were on duty for four days and treated three trauma patients per month. Seventy one (15.5%) were attending doctors of TS and eighty three (18.1%) were attending doctors of ED. Forty three (9.4%) were the fellows of TS and forty eight (10.5%) were the fellows of ED. One hundred and six (23.1) were the residents of TS and 108 (23.5) were the residents of ED (Table 2 ).
Section 2 of the Questionnaire
When defining HS, one hundred and ninety-eight (43.1%) used only blood pressure (BP), 186 (40.5%) used both BP and heart rate (HR), and 54 (11.8%) used only HR. Eighteen of them used respiratory rate or body temperature as an adjunct of determinant. Two hundred and eighty-five (62.1%) considered systolic blood pressure (SBS) to define HS, 135 (29.4%) considered mean arterial pressure (MAP) and 39 (8.5%) considered diastolic blood pressure (DBP). One hundred and eighty-nine (41.2%) used manual technique to check BP, 111 (24.2%) preferred automated cuff, 150 (32.7%) had no preference. Two hundred and eighty-five respondents who took account of SBP thought emergent laparotomy should be carried out when SBP was ≤94 mmHg on average. 73% of the respondents located between 80 to 99 mmHg and the cut off value of hypotension ranged widely from 59 and 104 mmHg ( Table 3 ). The duration of hypotension to make them carry out EL was 1.5 minutes (0-30 minutes). One hundred and eleven respondents (24.2%) used HR as an independent determinant of hemodynamic stability. On average, they thought EL should be carried out when HR was ≥109/min. One hundred and ninety-eight (43.1%) used a different cut off value of BP when the patient was on vasoactive medicine. Two hundred and thirty-one (50.3%) of the respondents used a different value of BP when the patients had medical comorbidity. Three hundred and seventy-eight [8] (82%) used a lower cut-off value of hypotension to define HS in pediatric patients and the value of BP was distributed from 60 to 99 mmHg. On average, they thought EL should be carried out when BP was equal or below 85 mmHg or HR was equal or above 119/minute (Table 3) .
Section 3 of the Questionnaire
Four hundred and seventeen respondents (90.8%) did not use base deficit as determinants of HS. Four hundred and twentythree of them (92.2%) did not use lactic acid as a determinant of HS. Two hundred and ninety-one respondents (63.4%) replied that they would not perform emergency laparotomy even when the injury grade was high as long as the patient was hemodynamically stable. One hundred and eighty-three (39.9%) agreed to use the classic definition of hypotension; BP <90 mmHg and HR ≥120/minute. One hundred and seventeen respondents (25.5%) agreed to use the classic definition because they thought it was evidence based medicine. One hundred and twenty-three agreed because they believed they were supposed to follow classic definition. Seventytwo respondents replied that the range of classic definition seemed to be optimal. Four hundred and twenty respondents (91.5%) replied that they were confused defining HS and felt the need for more objective determinants (Table 4) .
Univariate and Multivariate Analysis
In univariate analysis, factors that were significantly associated with the respondents defining HS differently with the classic definition were younger (<40), female trauma doctors with a short career (<5 years). The diversity of HS seems to be Mun. Diversity of the definition of stable vital sign in trauma patients: results of a nationwide survey more prevalent among young doctors. Not agreeing to use the classic definition of HS was only significant in multivariate analysis (Table 5) .
DISCUSSION
When there is intraperitoneal hemorrhage due to BSI, trauma doctors have to decide whether the patient needs emergent operation or not. Before the 1980s, operative treatment was prevalent regardless of the severity of the spleen injury. However, some doctors observed that patients could be cured by NOM and tried to find the criteria for successful outcomes. [1, 8, 9] The first suggested determinant was radiologic findings. McKenney et al. suggested a unique hemoperitoneum score system calculated by FAST. They calculated the depth in centimeters of the largest collection from the abdominal wall plus the total additional areas positive for fluid. Forty of 46 patients (87%) with a score ≥3 required therapeutic laparotomy. Forty-six of 54 patients (85%) with a score <3 did not need operative intervention. The sensitivity of the score in determining the need for therapeutic operation was higher than systolic blood pressure (83% vs 28%). [10] Starnes et al. reviewed the role of computed tomography (CT) grade in NOM of BSI. The only significant difference between the success and failure of NOM was CT grade (1.47 vs 3.5; p=0.0001). Although the amount of hemoperitoneum and the grade of injury are useful to evaluate the severity of the patients, NOM is regarded reasonable as long as the patient is hemodynamically stable. Radiologic findings cannot be an absolute contraindication for NOM nowadays. In our survey, 63.4% did not consider the amount of hemoperitoneum as a determinant of NOM. It is a well accepted concept for the trauma doctor to perform NOM regardless of radiologic findings.
Hemodynamic stability (HS) has been suggested and evaluated vigorously in many studies attempting to find the selection criteria for NOM. Longo et al. have reviewed sixty patients managed successfully with NOM. They have concluded that hemodynamic stability after initial fluid challenge is a useful predicting factor. Despite prioritizing HS in initial decisionmaking, they have not made a description of the definition of HS. [11] Lynch, Wasvary and Siplovich also have not described the definition of HS. [12, 13] Some studies have described the definition of HS using only VS. However, the numeric value and the determinants are frequently different. They have defined HS as BP ≥90 mmHg, [14] [15] [16] [17] [18] ≥100 mmHg, [19, 20] and ≥110 mmHg (Table 6) . [21] Besides the numeric value, the type of BP and the measuring technique of BP are amongother diversities. There are basically three methods of measuring blood pressure; manual auscultatory method, automated cuff and arterial line. It is well known that there is a discrepancy between these methods. [22] [23] [24] In spite of the variability of the method of obtaining BP, most studies do not elucidate the method they use to determine HS. In our study, 62.1% used SBP to define HS. However, the others used MAP and DBP. There is no study evaluating the sensitivity of the type of BP to define HS. Therefore, it is hard to determine which type of BP should be used. Another well-known determinant of HS is heart rate (HR). Some authors have included HR as a determinant while others have not. Tachycardia appears earlier than hypotension in hypovolemic status. When a patient losesbetween 750 to 1500 ml of blood, BP is normal but HR increases to 100-120/min. Physiologically, HR is more sensitive. However, tachycardia can result from pain, emotional status or heart problem regardless of volume status. It makes us hesitate to use HR as an independent determinant of HS. Only 24.2% used HR as an independent determinant of HS in our study, meaning thatHR is regarded as an unreasonable determinant of HS for the trauma doctor. Considering the duration of hypotension or tachycardia, the problem of diversity gets more complicated. Some responders decided to carry out EL as long as the patient was hypotensive at least once. Some observed for 30 minutes (Table 3) . However, there is no constant definition of the duration of hypotension or tachycardia to define HS. When the patient has medical problems, defining HS is harder. [25] Confusion in defining HS also happens when the patient has spinal cord injury or when the patient was previosly on vasoactive medication. [26] Most trauma doctors agree to use lower cut off value of hypotension to define HS for pediatric patients, but there is no study defining the numeric value of VS of HS according to the age of the patients. Many retrospective studies, concluding that NOM in BSI of pediatric patients is more reasonable than that of the adults, have actually failed to explain the clear definition of HS. [27, 28] Much of the confusion and variability of the definition of HS is caused by using VS to define HS. Contrary to laboratory test or radiologic findings, VS is too diverse in terms of obtaining method, normal physiologic value, type, and duration. The only way to unify the diversity is a randomized prospective study. Unfortunately, prospective studies to define HS are unlikely to be performed due to concerns over patient's safety. We tried to find out the factors influencing the responders to make the diversity of HS. Although young age, female sex and short career seemed to be significant in the univariate analysis, there was no significant factor in the multivariate analysis, meaning thatthe problem of the diverse definition of HS is universal (Table 5) .
Contrary to VS, laboratory test of anaerobic metabolism like arterial base deficit or venous lactate are more objective and can be used in conjunction with VS to define HS. Bannon et al. have evaluated the efficacy of arterial base deficit and lactate concentration in trauma patients. They prospectively studied forty patients with truncal injuries to examine the usefulness of central venous oxygen saturation (ScvO2), arterial lactate concentration, and arterial base deficit. Both base deficit and lactate concentration correlated with transfusion requirements; in addition, base deficit (BD) correlated with trauma score, and lactate correlated with the amount of hemoperitoneum. [29] Rixen et al. have also performed a prospective, multi-center, observational study of 2,069 multiple trauma patients to evaluate the significance of BD. BD was associated with a significant decrease in systolic blood pressure, prothrombin time, amount of transfusion, and mortality. Their data showed that BD was an early available important indicator of hemodynamic instability in trauma patients and predicted higher probability of death. [30] [31] [32] BD and lactate are laboratory tests that can be available in the emergency room. There is only one method to get the results, that is, blood sampling regardless of sampling site. The results are revealed by numeric value. Normal physiologic range is not diverse at all. Thus, they can be useful adjuncts in assessing HS in trauma patients. Based on these studies, some authors insist to use lactic acid and BD as a determinant of HS. Some national guidelines suggest using BD or lactate. One of them is as following; regardless of causes, the patient is defined hemodynamically unstable if four of the following criteria meet. [33] (1) acutely ill-looked appearance or deterioration of mental status; (2) HR ≥100/minute; (3) RR ≥22/min or PaCO 2 ≤21 mmHg; (4) arterial BD ≤-5 mEq/L or lactic acid ≥4 mM/L; (5) urine out <0.5 ml/kg/hour; (6) hypotension (systolic blood pressure <90 mmHg) lasts longer than 20 minutes. Most trauma doctors agree that HS should be defined systematically using patient's symptoms and signs, VS, laboratory test. It is quite surprising that many trauma doctors are still using only VS to define HS even though there are several studies suggesting objective determinants. In order to standardize NOM for trauma patients, the diversity of the definition of HS should be unified and a more objective determinant should be used.
Conclusion
Trauma doctors are using VS as major determinants to define HS, resulting indiverse definitions of HS for patients with BSI. There is confusion regarding how to define which patient is HS. Most surveyed respondents felt the need for the clarification of HS and how it should be used to determine NOM versus operation. Using patients' symptoms and signs, base deficit and lactic acid can minimize diversity and aid in the decision making process.
